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(Eq. 3-38a) are commonly used. Redox systems are advantageous in yielding desirable 
initiation rates at temperatures below 50°C. Other useful redox systems include cumyl 
hydroperoxide or hydrogen peroxide with ferrous, sulfite, or. bisulfite ion. 

4-3b Surfactants 

Anionic surfactants are the most commonly used surfactants in emulsion polymeri- 
zation [Blackley, 1975; Gardon, 1977]. These include fatty acid soaps (sodium or 
potassium stearate, laurate, palmitate), sulfates, and sulfonates (sodium lauryl sulfate 
and sodium dodecylbenzene sulfonate). The sulfates and sulfonates are useful for 
polymerization in acidic medium where fatty acid soaps are unstable or where the 
final product must be stable toward either acid or heavy-metal ions. Nonionic surfac- 
tants such as poly(ethylene oxide), polyvinyl alcohol) and hydroxyethyl cellulose are 
sometimes used in conjunction with anionic surfactants for improving the freeze-thaw 
and shear stability of the polymer or to aid in controlling particle size and size dis- 
tribution. The presence of the nonionic surfactant imparts a second mode of colloidal 
stabilization, in addition to electrostatic stabilization by the anionic surfactant, via 
steric interference with the van der Waals attraction between polymer particles. Non- 
ionic surfactants are also of use where the final polymer latex should be insensitive 
to changes in pH over a wide range. Nonionic surfactants are only infrequently used 
alone, since their efficiency in producing stable emulsions is less than that of the anionic 
surfactants. Anionic surfactants are generally used at a level of 0.2-3 wt % based on 
the amount of water; nonionic surfactants are used at the 2-10% level. Cationic 
surfactants such as dodecylammonium chloride and cetyltrimethylammonium bromide 
are much less frequently used than anionic surfactants because of their inefficient 
emulsifying action or adverse effects on initiator decomposition. Also, cationic sur- 
factants are more expensive than anionic surfactants. 

Surfactants increase particle number and decrease particle size as their concentra- 
tion in the initial reaction charge is increased. However, one can use delayed addition 
of surfactant after nucleation is complete to improve particle stability, without affecting 
the particle number, size, and size distribution. 



4-3c Other Components 

The quality of the water used in emulsion polymerization is important. Deionized 
water may be used since the presence of foreign ions or ions in uncontrolled concen- 
trations can interfere with both the initiation process and the action of the emulsifier. 
Antifreeze additives are used to allow polymerization at temperatures below 0°C. 
These include inorganic electrolytes as well as organics such as ethylene glycol, glyc- 
erol, methanol, and monoalkyl ethers of ethylene glycol. The addition of inorganic 
electrolytes often affects the polymerization rate and stability of the emulsion. Se- 
questering agents such as ethylenediamine tetraacetic acid or its alkali metal salts may 
be added to help solubilize a component of the initiator system or to deactivate traces 
of calcium and magnesium ions present in the water. Buffers such as phosphate or 
citrate salts may be used to stabilize the latex toward pH changes. 



4-3d Propagation and Termination Rate Constants 

Emulsion polymerization proceeds in a polymer particle where the concentration of 
polymer is quite high throughout the reaction. This type of system is then similar to 
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